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TITLE OF THE INVENTION 

BEAM SCANNING APPARATUS 



CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the priority of Korean Patent Application No. 2002-53170, filed 
September 4, 2002, in the Korean Intellectual Property Office, the disclosure of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention generally relates to a beam scanning apparatus, and more 
specifically, to a beam scanning apparatus which projects a ray of light using a polarized cell. 

Description of the Related Art 

[0003] Generally, an image forming device such as a laser printer reproduces an image in a 
manner in which a ray emitted from a laser diode is focused on a photoconductive drum, 
forming a latent image thereon according to an image signal as received, and the latent image 
formed on the photoconductive drum is developed and then transferred onto a sheet of paper to 
be printed. 

[0004] FIG.1 is a schematic diagram showing a conventional laser scanning apparatus used 
in a laser printer. 

[0005] Referring to FIG.1, the laser scanning apparatus 100 includes a laser diode 105, a 
collimator lens 1 10, a cylinder lens 120, a polygon mirror 130, a driving device 140, an F-9 lens 
150, a reflection mirror 160, a photoconductive drum 170, a horizontal synchronization mirror 
180, and a light sensor 190. 

[0006] The laser diode 105 emits a beam. The collimator lens 110 renders the beam emitted 
from the laser diode 105 into a parallel beam with respect to an optical axis. 

[0007] The cylinder lens 120 makes the parallel beam from the collimator lens 110 into a 
linear beam parallel to a sub scanning direction. The polygon mirror 130 scans with the linear 
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beam from the cylinder lens 120 while moving at a constant linear velocity, thus moving the 
beam at a constant linear velocity. The driving device 140 is a motor rotating the polygon mirror 
130 at the constant speed. 

[0008] The F-theta lens 150 has a fixed refractive index with respect to the optical axis and 
refracts the beam which is reflected from the polygon mirror 130 at a fixed angle towards the 
main scanning direction. The F-theta lens 150 adjusts the focus on a scanning surface after 
correcting the aberration of the beam reflected from the polygon mirror 130. The reflection 
mirror 160 reflects the beam from the F6 lens 150 in a certain direction so as to scan the beam 
on the surface of the photoconductive drum 170. 

[0009] The horizontal synchronization mirror 180 reflects the beam from the F-theta lens 150 
to the light sensor 190. 

[0010] The light sensor 190 receives the beam reflected from the horizontal synchronization 
mirror 180. An output signal from the light sensor 190 is used for scanning synchronization. 

[0011] According to the conventional laser scanning apparatus 100, a scan line reflected 
from the polygon mirror 130 is incident on the photoconductive drum 170 in the main scanning 
direction, thereby forming the scan line. Multiple scan lines are also formed along the sub 
scanning direction, crossing at right angles with the main scanning direction while the 
photoconductive drum 170 is being rotated. 

[0012] The light sensor 190 receives the beam reflected from the horizontal synchronization 
mirror 180 and thus adjusts horizontal synchronization. As a result, starting points of the scan 
lines are aligned, and thus, images of scan lines having less deviation in starting points can be 
produced. 

[0013] In the conventional scanning apparatus 100, however, the F-theta lens 150 must be 
precisely disposed in order to produce images of scan lines having less deviation in starting 
points. Moreover, the laser scanning apparatus 100 is found to be less effective in that noise 
rises in accordance with the increased rotation speed of the driving device 140 for high speed 
printing. Furthermore, because the respective scan lines are formed by pixels, there is a limit in 
printing speed. 

SUMMARY OF THE INVENTION 
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[0014] Accordingly, it is an aspect of the present invention to provide a beam scanning 

apparatus capable of reducing noise during printing, and accelerating the speed of printing. 

[0015] Additional aspects and advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[0016] The foregoing and/or other aspects of the present invention may be achieved by 
providing a beam scanning apparatus which projects a beam onto a photoconductive drum 
according to image data, including a light source to emit the beam; a micro polarized array to 
receive the beam emitted from the light source, comprising a plurality of polarized cells arrayed 
along a predetermined direction; a polarization direction adjuster adjusting transmission 
directions of each of the polarized cells according to the image data; and a light detecting plate 
to receive the beam from the micro polarized array, to transmit polarized elements of the 
received beam of a predetermined direction therethrough and to emit the transmitted elements 
to the photoconductive drum. 

[0017] The apparatus further includes a micro-lens array having a plurality of lenses formed 
between the light detecting plate and the photoconductive drum, to focus the beams from the 
light detecting plate by pixel areas corresponding to the polarized cells and emitted to the 
photoconductive drum. 

[0018] The polarized cells may be made of high polymer materials which vary in polarization 
direction in accordance with applied tension or not, and a polarization direction adjuster includes 
a plurality of driving devices connected to each of the polarized cells so as to contract the 
polarized cells according to electrical signals. The driving devices may be a piezoelectric 
sensor. 

[0019] Further provided is a reflective member that reflects beams emitted from the light 
source in a direction different from the micro polarized array, so that the beams can fall incident 
on the micro polarized array. 

[0020] The light source, the micro polarized array, the light detecting plate, the micro-lens 
array, and the photoconductive drum are disposed on a same plane and in parallel with each 
other. 

[0021] The present beam scanning apparatus may be used in various image forming 
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apparatuses, such as a scanner, a facsimile, a printer, or a multifunction machine, and printing 
at a high speed is possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] These and other aspects and advantages of the invention will become apparent and 
more readily appreciated from the following description of the preferred embodiments, taken in 
conjunction with the accompanying drawings of which: 

FIG.1 is a schematic diagram showing a conventional laser scanning apparatus used in 
a laser printer; 

FIG. 2 is a view showing a beam scanning apparatus according to an embodiment of 
present invention; 

FIG. 3 is an enlarged perspective view showing a part of a micro polarized array in FIG. 

2; 

FIG. 4A is a view showing the operation of the micro polarized element if an off-signal is 
sent to a driving device; 

FIG. 4B is a view showing the operation of the micro polarized element if an on-signal is 
sent to a driving device; and 

FIG. 5A and 5B are views showing an operation of the beam scanning apparatus of FIG. 
2 to which operations of FIG. 4A and 4B are applied. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0023] Reference will now be made in detail to the present preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to like elements throughout. 

[0024] FIG 2. is a view showing a beam scanning apparatus 200 according to an 
embodiment of the present invention. 

[0025] Referring to FIG. 2, the beam scanning apparatus 200 includes a light source 210, a 
reflective member 220, a micro polarized array 230, a polarization direction adjuster 240, a light 
detecting plate 250, and a micro-lens array 260. For convenience of explanation, a 
photoconductive drum 270 is also illustrated. 

[0026] The light source 210, the reflective member 220, the micro polarized array 230, the 
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polarization direction adjuster 240, the light detecting plate 250 and the micro-lens array 260 
may be arranged on a same plane and in parallel with respect to a lengthwise direction of the 
light source 210. In FIG. 2, the optical paths are indicated schematically by the arrows. 
However, it is also possible to change the optical paths using a mirror (not shown) or the like. 

[0027] The light source 210 is cylindrical and uses a lamp which emits beams in the direction 
along the length of the cylindrical light source 210. Additionally, the light source 210 is capable 
of emitting linear beams by arraying a plurality of laser diodes in a row corresponding to the 
pixels. 

[0028] The reflective member 220 reflects the beams emitted from the light source 210, 
which beams are emitted in a different direction than that of the later-mentioned micro polarized 
array 230, in the direction of the micro polarized array 230. Thus, the reflective member 220 is 
formed nearby the light source 210 and uses a concave mirror. 

[0029] The micro polarized array 230 is formed so that beams from the light source 210 can 
be incident thereon, and is provided with a plurality of polarized cells 230a arrayed along the 
predetermined direction. The polarized cells 230a are made of high polymer materials of which 
polarization direction is determined according to whether or not there is tension applied from the 
polarization direction adjuster 240. 

[0030] The polarization direction adjuster 240 adjusts a transmission direction of each of the 
polarized elements 230 according to image signals. To this end, the polarized adjuster 240 can 
activate each of the polarized cells 230a independently. 

[0031] There are provided a plurality of driving devices 240a that generate tension for 
contracting the polarized cells 230a according to electrical signals. In one embodiment, the 
driving devices 240a are piezoelectric elements. 

[0032] Reference numeral 240b denotes an electrical insulation layer between the driving 
devices 240a. 

[0033] The light detecting plate 250 is formed to receive beams from the micro polarized 
array 230 and transmits a polarized light in a predetermined direction. 

[0034] When the polarization direction of the beam which has passed through the micro 
polarized array 230 corresponds to the predetermined direction of the light detecting plate 250, 
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the light detecting plate 250 passes the beam towards the micro-lens array 260. 



[0035] Meanwhile, the light detecting plate 250 shuts off the beam from the micro polarized 
array 230, if the polarization direction of the micro polarized array 230 and the direction of the 
light detecting plate 250 are different from each other. 

[0036] The micro-lens array 260 is so formed that a plurality of lenses 260a are arrayed 
therein. Accordingly, the beams that pass through the light detecting plate 250 are focused at a 
plurality of lenses 260a by pixel units corresponding to the polarized cells 230a, emitted from 
the micro-lens array 260, and formed as a latent image on the surface of the photoconductive 
drum 270. 

[0037] FIG. 3 is an enlarged diagram showing a portion of the micro polarized array and the 
polarization direction adjuster 240 shown in FIG. 2. 

[0038] Referring to FIGS. 2 and 3, the micro polarized array 230 and the polarization 
direction adjuster 240 are arranged in parallel with the length direction of the cylindrical light 
source 210. More specifically, a plurality of the micro polarized cells 230a and the driving 
devices 240a are arranged in a row, as shown in FIG. 3, and also in parallel with the length 
direction of the light source 210. 

[0039] A plurality of the micro polarized cells 230a are provided adaptively according to the 
predetermined resolution. For example, when a printer with the beam scanning apparatus 200 
prints 600 dots per inch (25.4mm) in A4 size paper, 4,960 micro polarized cells 230a are formed 
on one line, i.e., a single scanning beam by, 

x 600dots « 4,960 

V- 25.4mm J 

[0040] In other words, the aforementioned number (4,960) is the number of micro polarized 
cells 230a arranged across the width of A4 size paper (21 0mm x 297mm) when the A4 size 
paper is printed lengthwise. 

[0041] The micro polarized cells 230a are made of a high polymer film like Poly Vinyl Alcohol 
(PVA) which is doped with iodine. Because of the iodine, the micro polarized cells 230a convert 
the beam into the polarized beam which is perpendicular to the direction of the high polymer 
array. The polarization direction of each of the micro polarized cells 230a is determined 
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according to whether or not there is tension applied from the respective corresponding driving 
devices 240a. 

[0042] The driving devices 240a are formed at both ends of the micro polarized cells 230a. 
The driving devices 240a drive the micro polarized cells 230a corresponding to image data of 
each pixel received from an image signal controller (not shown). The driving devices 240a 
generate tension using piezoelectric elements or the like and drive the micro polarized cells 
230a by using the generated tension. 

[0043] Referring to FIGS. 4A and 4B, operation principles of the micro polarized array 230 of 
FIG. 2 will be explained as below. 

[0044] When image data for printing is received for the pixel from the image signal controller 
(not shown), the respective driving devices 240a generate tension according to the received 
image data. Accordingly, when the image data for the pixel has an on-signal, the corresponding 
driving device 240a generates tension, whereas the same driving device 240a does not 
generate tension when the image data has an off-signal. 

[0045] FIG. 4A and 4B are views respectively showing the operation of the micro polarized 
cells 230a, with the off-signal, and with the on-signal. 

[0046] When the driving devices 240a receive off-signal image data, high polymer doped on 
the micro polarized cells 230a that are in association with the driving devices 240a is arrayed in 
the predetermined polarization direction. At this time, beams from the micro polarized cells 
230a have a predetermined polarization direction. 

[0047] In the present invention, the case of high polymer arrayed in the horizontal scanning 
direction is shown as a solid arrow A1 in FIG. 4A. Here, beams from the micro polarized cell 
230a are polarized in the sub scanning direction (direction of the dotted arrow A2). 

[0048] Meanwhile, when the driving devices 240a receive on-signal image data, the driving 
devices 240a, as shown in FIG. 4B, generate tension for the micro polarized cells 230a that are 
formed in association with the driving devices 240a in the sub scanning direction (direction of 
the bold arrow A3). 

[0049] Due to the generated tension, the high polymer arrangement of the micro polarized 
cells 230a is randomized as arrows A4 in FIG. 4B and accordingly, beams passing therethrough 
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[0050] The process of forming a latent image on the photoconductive drum 270 is now 
explained. 

[0051] FIGS. 5A and 5B are views showing the operations of FIG. 2 and FIGS. 4A and 4B. 

[0052] The light source 210 constantly emits linear beams once a printer (not shown) is 
provided with power or is input with a print command. 

[0053] When the image data for each pixel is input into the driving devices 240a in the unit of 
the scan line, the driving devices 240a adjust the polarization direction of each of the micro 
polarized cells 230a according to the image data. 

[0054] Referring to FIG. 5A, as off-signal image data is input into the driving devices 240a, 
high polymer films of the micro polarized cells 230a are arranged in the predetermined main 
scanning direction, and beams passing therethrough are polarized in the sub scanning direction 
which is perpendicular to the main scanning direction (see arrow A5 marked on the micro 
polarized array 230). 

[0055] The light detecting plate 250 has a predetermined first polarization direction. 
Hereinafter, the first polarization direction refers to, for convenience of explanation, the 
horizontal scanning direction (arrow A6 marked on the light detecting plate 250). 

[0056] When the light detecting plate 250 has the predetermined first polarization direction, 
the polarization direction of the micro polarized cell 230a is perpendicular to that of the light 
detecting plate 250, and beams which have passed through the micro polarized cells 230a pass 
in the sub scanning direction of the micro polarized cells 230a. Therefore, beams from the 
micro polarized cells 230a are not transmittable through the light detecting plate 250 that has 
the polarization direction in the main scanning direction. As a result, no latent image is formed 
on the surface of the photoconductive drum 270. 

[0057] Meanwhile, as shown in FIG. 5B, as on-signal image data is input into the driving 
devices 240a, the driving devices 240a at both ends of the micro polarized cells 230a generate 
tension in the direction perpendicular to the main scanning direction. 

[0058] Consequently, high polymer films of the micro polarized cells 230a are arranged in a 
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randomized direction instead of the main directions, and the beams from the micro polarized cell 
230a are also polarized in the randomized direction. 

[0059] Accordingly, beams having the same polarization direction as the light detecting plate 
250 are transmittable into the micro-lens array 260 among randomly polarized beams from the 
micro polarized cells 230a. 

[0060] Beams transmitted through the light detecting plate 250 are passed through the micro- 
lens array 260 and focused on the surface of the photoconductive drum 270 in the form of a 
latent image. When the latent image is formed on the photoconductive drum 270 with a single 
scanning line being formed simultaneously or by units of a predetermined block, the 
photoconductive drum 270 rotates at a certain interval and speed. 

[0061] When the photoconductive drum 270 rotates at the certain interval, each of the driving 
devices 240a drives the corresponding micro polarized cell 230a according to new image data 
and a new latent image is formed on the surface of the photoconductive drum 270. 

[0062] The above process for forming latent images continues and it is possible to control 
driving periods for the driving device 240a and a rotating period for the photoconductive drum 
270 by means of predetermined processes. 

[0063] When the beam scanning apparatus 200 is applied to a printer (not shown), printing 
speed is accelerated. For instance, simultaneously driving the driving devices 240a in a row at 
100 kHz will result in 80 sheets of paper per minute. 

[0064] According to the embodiment of the present invention, the beam scanning apparatus 
selectively polarizes an incident beam using a plurality of polarized cells, and then forms a latent 
image, thereby speeding up printing of a single scanning beam. Moreover, the beam scanning 
apparatus of the present invention reduces noise and creates a high-quality picture due to the 
regular starting point at which the beam is scanned. 

[0065] Although a few preferred embodiments of the present invention have been shown 
and described, it will be appreciated by those skilled in the art that changes may be made in 
these embodiments without departing from the principles and spirit of the invention, the scope of 
which is defined in the claims and their equivalents. 
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